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An i n t e l l i g e n t  t r a c k e r  capable o f  r o b o t i c  
a p p l i c a t i o n s  r e q u i r i n g  guidance and c o n t r o l  o f  
p la t forms,  r o b o t i c  arms, and end e f f e c t o r s  has 
been developed. 
o f  "supervised autonomous" r o b o t i c  f unc t i ons  i s  
p a r t i t i o n e d  i n t o  a m u l t i p l e  p rocesso r /pa ra l l e l  
process ing c o n f i g u r a t i o n .  The system c u r r e n t l y  
i n t e r f a c e s  t o  cameras b u t  has the  c a p a b i l i t y  t o  
a l s o  use th ree  dimensional i n p u t s  from scanning 
l a s e r  rangers. The i n p u t s  are f e d  i n t o  an image 
processing and t r a c k i n g  sec t i on  where the  camera 
i npu ts  a re  cond i t i oned  f o r  t he  m u l t i p l e  t r a c k e r  
a lgor i thms.  
image process ing and t r a c k e r  ou tpu ts  and performs 
a l l  t he  c o n t r o l  and d e c i s i o n  processes. The 
present  a r c h i t e c t u r e  o f  t he  system w i l l  be 
presented w i t h  d i scuss ion  on i t s  e v o l u t i o n a r y  
growth f o r  space a p p l i c a t i o n s .  
An autonomous rendezvous demonstrat ion o f  t h i s  
system was performed l a s t  year  a t  JSC. 
r e a l i s t i c  f u n c t i o n a l  demonstrat ions us ing  the 
MMU s imu la to r  and the  manipulator  development 
f a c i l i t y  planned f o r  t h i s  year  w i l l  be 
discussed. 
Th is  packaged system capable 
An execu t i ve  s e c t i o n  moni tors  the  
More 
INTRODUCTION 
The purpose o f  t h i s  p r o j e c t  was t o  f u n c t i o n a l l y  
demonstrate t h e  McDonnell Douglas As t ronau t i cs  
Company (MDAC) Robotic Track ing Sensor i n  
autonomous homing and contour  f o l l o w i n g  modes. 
The major b e n e f i t  o f  t h i s  demonstrat ion was 
the  a p p l i c a t i o n  o f  e x i s t i n g  technology t o  
space opera t i ons  i n  o rde r  t o  eva lua te  the  
a b i l i t y  o f  t h i s  equipment t o  meet near term 
autonomous t r a c k i n g  and sensing requirements 
w i t h  low hardware and sof tware development costs .  
The scope o f  t h i s  p r o j e c t  was p u r e l y  a f u n c t i o n a l  
demonstrat ion r e s u l t i n g  i n  q u a l i t a t i v e  data. 
more s t ruc tu red ,  quan ta t i ve  t e s t  can be 
performed a t  t h e  complet ion o f  t he  upgrade o f  t he  
Laser Op t i ca l  Track ing Testbed f a c i l i t i e s  i n  
B u i l d i n g  14 a t  JSC. 
Th i s  demonstrat ion addressed o n l y  the  homing 
and contour f o l l o w i n g  modes. More r e a l i s t i c  
space operat ions such as inspect ion,  maintenance, 
assembly, and r e t r i e v a l  would be addressed 
l a t e r .  
A 
MDAC Track ing Sensor 
The a r c h i t e c t u r e  o f  t h e  multimode sensor t r a c k e r  
i s  shown i n  F igu re  1. 
t r a c k e r  i s  composed o f  t h ree  f u n c t i o n a l  p a r t s :  
Two F a i r c h i l d  CCD 3000 cameras and 
v ideo processor. 
The MDAC 673 image and t r a c k e r  
processor. 
The v ideo t r a c k i n g  func t i ons  a re  computation 
i n t e n s i v e  r e q u i r i n g  a h igh  throughput spec ia l  
purpose s igna l  processor. To match the  v ideo 
data w i t h  t h e  bandwidth o f  t he  image processor, 
data compression i s  performed by  t h e  v ideo 
preprocessor by e i t h e r  exc lud ing reg ions  o f  t he  
scene t h a t  are o f  no i n t e r e s t  o r  by  pe r fo rm ing  
a p i x e l  averaging. Th is  e f f e c t i v e l y  performs 
v ideo windowing and an e l e c t r o n i c  zoom. 
preprocessor a l s o  performs a t r a c k e r  c o n t r o l l e d  
b r igh tness  and c o n t r a s t  adjustment t o  t h e  v ideo 
image. This  enhances the  t r a c k e r ' s  c a p a b i l i t y  
t o  see and t r a c k  t h e  t a r g e t .  
The MDAC 673 i s  a h i g h  speed, 10 MOPS, spec la l  
purpose microcodable s igna l  processor. A l l  
t r a c k i n g  f u n c t i o n s  a re  performed i n  the  MDAC 
673. E x i s t i n g  a lgo r i t hms  are: (1) c o r r e l a t i o n ,  
( 2 )  cen t ro id ,  ( 3 )  conformal gate, and ( 4 )  guard 
gate. The p r imary  t r a c k e r s  requa i red  f o r  these 
demonstrat ions were t h e  c o r r e l a t i o n  and 
c e n t r o i d  t racke rs .  The c o r r e l a t i o n  t r a c k e r  i s  
a f e a t u r e  t r a c k e r  t h a t  t r a c k s  by f i n d i n g  t h e  
bes t  match of a v ideo reference image w i t h  the  
scene. The c e n t r o i d  t r a c k e r  i s  a c o n t r a s t  
t r a c k e r  t h a t  f i nds  t h e  cen te r  o f  t h e  t a r g e t  
e x h i b i t i n g  i n t e n s i t i e s  above o r  below a 
c o n t r o l l a b l e  th resho ld .  The conformal gate 
and guard gate t r a c k e r s  were requ i red  f o r  
countermeasure techniques o r  when the  t a r g e t  
background e x h i b i t e d  a l o t  o f  c l u t t e r .  The 
conformal gate t r a c k e r  i s  a s t a t i s t i c a l  
t r a c k e r  t h a t  c l a s s i f i e d  t h e  scene as e i t h e r  
background, t a r g e t ,  o r  unknown. This  t r a c k e r  
f i n d s  the  t a r g e t  boundary and ma in ta ins  the  
t r a c k e r  gate s i z e  t o  enclose a l l  o f  t he  t a r g e t .  
The guard gate t r a c k e r  de tec ts  when the  t a r g e t  
passes behind obstac les and c o n t r o l s  the  o t h e r  
t r a c k e r ' s  ope ra t i ons  w h i l e  t h e  t a r g e t  i s  n o t  
v i s i b l e .  
The mu l t i p rocesso r  
1) 
2) 
3) The 28000 execut ive c o n t r o l  processor. 
The 
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The 28000 execut ive c o n t r o l  processor d i r e c t s  
the opera t i on  o f  the multimode t racke rs ,  prov ides 
opera to r  i n t e r f a c e ,  and c o n t r o l s  t h e  responses o f  
e i t h e r  veh ic les  o r  mechanisms. The execut ive 
processor c o n t r o l s  a c q u i s i t i o n  o f  t h e  t a r g e t ,  
moni tors  each t r a c k e r ' s  a impoint ,  and can 
r e i n i t i a l i z e  any t r a c k e r  a l g o r i t h m  d u r i n g  the  
engagement. The operator  i n t e r f a c e  i s  prov ided 
through the  hand c o n t r o l l e r  and the  v ideo mon i to r  
mounted on the  t r a c k i n g  sensor. The t r a c k i n g  
sensor was mounted on a mobi le  p l a t f o r m  
manufactured by Cybermation. 
System Con f igu ra t i on  
The MDAC t r a c k i n g  sensor was i n t e g r a t e d  w i t h  
the Cybermation p l a t f o r m  through a s e r i a l  l i n k  
between the  MDAC 28000 processor  and Cybermation 
processor. The t r a c k i n g  sensor computer and 
e l e c t r o n i c s  were mounted on the  Cybermation 
t u r r e t  mount. The long  range camera was 
o r i e n t e d  w i t h  t h e  p l a t f o r m  wheels. F igure 2 
shows a b lock  diagram o f  t he  i n t e r f a c e s .  
The execu t i ve  c o n t r o l  sof tware was mod i f i ed  
f o r  autonomous t r a c k i n g  and c o n t r o l  o f  t he  
dec i s ion  l o g i c .  
engaged by t h e  execut ive c o n t r o l  sof tware:  
homing and contour  f o l l o w i n g .  While i n  t h e  
homing mode, t h e  t r a c k i n g  sensor moni tors  the  
t a r g e t  p o s i t i o n  w h i l e  gu id ing  t h e  p l a t f o r m  t o  
a s p e c i f i e d  d i s tance  f rom t h e  t a r g e t  as 
determined by t h e  camera image s i ze .  
execut ive then switches t o  t h e  contour  
f o l l o w i n g  mode. Th is  mode commands t h e  
p la t fo rms  t o  move l a t e r a l l y  around t h e  t a r g e t  
by us ing  a s t r u c t u r a l  f e a t u r e  o f  t h e  t a r g e t .  
The t r a c k i n g  sensor remains a t  t h e  s p e c i f i e d  
range w i t h  the  t a r g e t  i n  the  cen te r  o f  view. 
A t  t h e  complet ion o f  one r e v o l u t i o n ,  t he  
p l a t f o r m  i s  stopped. 
A t h i r d  mode was added t o  t h e  execut ive c o n t r o l  
software i n  o r d e r  t o  accentuate t h e  autonomous 
fea tu res  o f  t h e  t r a c k i n g  sensor. I n  t h i s  mode, 
the  "heel "  mode, t h e  t r a c k i n g  sensor t r a c k s  
and f o l l o w s  a t a r g e t  w h i l e  m a i n t a i n i n g  a 
s p e c i f i e d  d i s tance  f rom the  t a r g e t  as determined 
by camera image s ize.  
w i t h i n  t h i s  s p e c i f i e d  range, i t  stops w i t h  t h e  
t r a c k e r  s t i l l  ma in ta in ing  lock-on o f  t h e  t a r g e t  
even if t h e  t a r g e t  moves around t h e  p l a t f o r m  
w i t h i n  t h e  s p e c i f i e d  range. When t h e  t a r g e t  
moves away f rom t h e  p la t fo rm,  t h e  t r a c k i n g  
sensor again commands the  p l a t f o r m  t o  f o l l o w  
the  t a r g e t .  
Funct ional  Demonstrations 
The t r a c k i n g  sensor was demonstrated i n  t h e  
Laser Op t i ca l  Track ing Testbed i n  B u i l d i n g  14 
a t  JSC du r ing  t h e  week o f  21 J u l y  1986. F igure 
3 shows the  demonstrat ion format. The demon- 
s t r a t i o n  began w i t h  a manual a c q u i s i t i o n  o f  t he  
t a r g e t  a t  a range o f  up t o  100 f e e t .  
t r a c k i n g  sensor locked on t o  t h e  t a r g e t  i n  
the  a c q u i s i t i o n  gate and guided t h e  p la t fo rm 
t o  t h e  t a r g e t  a t  a f i x e d  r a t e  w h i l e  keeping 
S p e c i f i c a l l y ,  two modes a re  
The 
When t h e  p l a t f o r m  gets  
The 
the  t a r g e t  i n  t h e  cen te r  o f  t he  f i e l d  o f  view. 
A t  a range o f  approximately t e n  f e e t  f rom the  
t a r g e t ,  t h e  t r a c k i n g  sensor switched f rom the  
l ong  range camera t o  the  s h o r t  range camera. 
A t  a range, o f  approx imate ly  f o u r  f e e t ,  t h e  
p l a t f o r m  was h a l t e d  and the  t r a c k i n g  sensor 
switched from t h e  homing mode t o  t h e  contour  
f o l l o w i n g  mode. 
a s t r u c t u r a l  f e a t u r e  on the  t a r g e t  t o  gu ide t h e  
p l a t f o r m  around t h e  t a r g e t .  
maneuver, t h e  l o n g  range camera remained i n  a 
forward o r i e n t a t i o n  w h i l e  the  s h o r t  range 
camera was r o t a t e d  on the  r o t a r y  t a b l e  t o  
ma in ta in  t r a c k i n g  o f  t h e  t a r g e t .  
complete ly  c i r c l i n g  the  t a r g e t ,  t h e  p l a t f o r m  
was h a l t e d  and t h e  cameras rea l i gned .  
p o i n t ,  t he  t r a c k i n g  sensor and p l a t f o r m  were 
ready f o r  f u r t h e r  commands from the  opera to r .  
The "heel "  mode was a l s o  demonstrated t o  
i l l u s t r a t e  t h e  autonomy o f  t he  t r a c k i n g  sensor. 
A f t e r  a manual lock-on o f  t he  t a r g e t ,  t h e  
demonstrat ion proceeded t o  l ead  the  t r a c k i n g  
sensor and p l a t f o r m  around the  testbed.  
s t a r t s ,  stops, t u rns ,  p i v o t s ,  and obs tac le  
avoidance maneuvers were demonstrated. 
Tracker Upgrades 
The t r a c k e r  c o n f i g u r a t i o n  used i n  these demon- 
s t r a t i o n s  was developed i n  1981. Upgrades t o  
increase i t s  computing c a p a b i l i t y ,  reduce i t s  
s i ze ,  and lower  i t s  power consumption a re  being 
implemented. CMOS devices w i l l  be used 
a l l o w i n g  t h e  processor speed t o  be increased 
f rom 5 t o  10 M I P S  f o r  t he  a r r a y  processor and 
f rom 300 K I P S  t o  1 M I P S  f o r  t he  execu t i ve  
processor. A f l o a t i n g  p o i n t  c h i p  w i l l  be 
added. The p i x e l  r a t e  w i l l  be increased f rom 
5 t o  15 MHz. Several boards ( v ideo  preprocessor 
and i n t e r f a c e )  w i l l  be reduced t o  a s i n g l e  
300 X 300 m i l  ch ip .  Overa l l ,  t h e  power consump- 
t i o n  o f  t h e  packaged t r a c k e r  w i l l  be reduced 
f rom 200 t o  25 W and the  number o f  cards f rom 
11 t o  5. It i s  a n t i c i p a t e d  t h a t  a ve rs ion  o f  
t h i s  packaged t r a c k e r  cou ld  be used I n  the 
O r b i t e r  cabin. 
Advanced Robot ic  Demonstrations 
I n  c o o r d i n a t i o n  w i t h  NASA-JSC, t h e  MDAC t r a c k e r  
w i l l  be i n t e r f a c e d  w i t h  two o f  NASA's opera- 
t i o n a l  systems: 1) Man Maneuvering U n i t  (MMU), 
2) One-G v e r s i o n  o f  RMS. 
When i n t e r f a c e d  t o  t h e  MMU, t h e  t r a c k e r  w i l l  
p rov ide  both t a r g e t  i d e n t i f i c a t i o n  and 
guidance cues t o  t h e  c o n t r o l  systems f o r  
autonomous operat ions.  Likewide, when i n t e r -  
faced t o  the  1-G RMS arm, t h e  t r a c k e r  w i l l  
guide t h e  end e f f e c t o r  t o  t a r g e t s  which were 
manually acqui red by  an operator .  Cameras 
mounted on t h e  MMU and 1-G RMS w i l l  p rov ide  
t h e  necessary imagery f o r  t h e  t r a c k e r .  
Here t h e  t r a c k i n g  sensor t racked 
Dur ing t h i s  
A f t e r  
A t  t h i s  
Various 
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CONCLUSION 
The c a p a b i l i t y  o f  e x i s t i n g ,  packaged t r a c k e r  
hardware t o  per form autonomous homing and 
contour  f o l l o w i n g  w i t h  minor  upgrades were 
f u n c t i o n a l l y  demonstrated. Upgrades i n  
hardware and sof tware w i l l  be requ i red  t o  
address the  requirements o f  space operat ions.  
However, a g rea t  deal o f  t h e  bas ic  development 
haave a l ready been and are being performed 
and funded by o t h e r  government agencies. The 
demonstrat ions w i t h  the  MMU and 1-G RMS arm 
w i l l  p rov ide  a d d i t i o n a l  i n f o r m a t i o n  on the  
i n t e g r a t i o n  o f  t h i s  technology w i t h  e x i s t i n g  
systems f o r  near term space operat ions.  
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